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The occurrence of m utants of Drosophila melanogaster distinguished by the absence or structural modification of the antennae provides a means of assessing the role of the antennae w ith respect to the reception of various classes of stimuli.
Antennaless (A 0) phenotypes of antennaless stock fail to respond to those chemical stimuli which lead the fly to its food. Their tem perature reactions are normal, and th eir hum idity responses are opposite to those of somatically wild-type flies of the same stock or of wildtype controls.
Aristapedia (ssa), which have leg-like antennae equipped w ith surface pegs and cones of supposed sensory function present in the normal antenna b u t absent in the norm al leg, respond to chemical stimuli and hum idity differences.
As compared with th a t of normal flies, the olfactory response of aristapedia (ssa) is somewhat less intense, the hum idity reaction being somewhat stronger. These m utants do not give the characteristic responses evoked by therm al stimuli both in normal flies and antennaless phenotypes.
The outstanding histological differences between the structure of the antenna of aristapedia and th a t of wild-type flies is the absence of the p it organ.
I t thus seems th a t the pit organ is not essential to the olfactory response and plays no essential p art in the hum idity response.
Since antennaless (A0) responds normally to therm al stimuli, none of the p utative sense organs of the antennae are essential to the recognition of tem perature differences, and since aristapedia (ssa) responds more weakly to chemical stimuli th an do norm al flies, the p it organs m ay well be long-distance chemoreceptors.
W hat is more certain is th a t either the peg-like organs or the cones on the surface of the distal joint of the antennae or both are chemoreceptors. The same rem ark is equally applic able to the perception of hum idity differences. Experim ents here recorded do not justify the identification of the function of one or other type of sensilla w ith one or the other type of receptivity.
While it is unjustifiable to exclude the possibility th a t short-distance chemical stimuli play a p art in the attraction of flies of opposite sex, it appears th a t the main role of chemo receptivity in relation to the m ating behaviour of D. melanogaster is to ensure the aggregation of flies of both sexes in situations where food is available and sexual congress can be evoked by other forms of stimulation.
I n t r o d u c t io n
Investigations on the behaviour of m utants of Drosophila melanogaster have a twofold interest. On the one hand, more intimate knowledge of the reproductive habits of a species about whose genetic architecture we now know so much is a necessary prerequisite to the study of the role of assortative mating in the evolution of the group to which it belongs. On the other hand, such knowledge gives us an opportunity for taking advantage of structural modifications which may throw light on the function of putative sense organs in a group of insects too small for 2 adequate study by electroneurological techniques; and it provides a method of investigating them without recourse to operative procedures beset by difficulties of several kinds. This advantage calls for little comment. Various authors, notably Mclndoo (1914) , have sufficiently stressed the uncertainties to which interpretation of experiments involving operative interference with this end in view are subject.
Among types of receptivity which claim priority in connexion with the study of mating behaviour, photo-and chemoreceptivity are pre-eminent. Present knowledge of chemoreceptivity among insects as a whole is meagre. On purely histological grounds, various authors (in particular, e.g. Smith 1919) have advanced the possi bility th at it may be largely localized in the antennae of some species. On the other hand, Mclndoo (1914) has gone so far as to assert, on insufficient evidence as it seems to us, that this is never true. Such suppositions carry little conviction in the absence of experimental proof th at structures of the same type located in the antennae or elsewhere have or have not the function ascribed to them; and con clusive proof of this sort is still lacking. Relevant information is available in a review by Marshall (1935) , and a full summary of the position has been given by Wigglesworth (1939) . The discovery by Gordon in 1938 of a new m utant of D. gaster characterized by absence of antennae therefore offered a unique opportunity for reopening the issue. Accordingly, experiments on the chemoreceptivity of this m utant began in the laboratory of the senior author in 1938. The outbreak of war made it impossible to develop a programme of work intended to embrace a study of the behaviour of mutants of Drosophila directed to both the objectives pre viously stated.
For investigation of the sensory function of the antennae of Dip ter a, or at least of Drosophila, the m utant antennaless has a particular advantage. For details the reader may consult the publication of Gordon & Sang (1941) . In brief, the manifest somatic effect of the presence of the gene in duplicate may be bilateral, unilateral or no suppression of the antennae. That is to say, homozygous antennaless flies may have no antennae, one antenna or two antennae. We shall refer to such individuals by the symbols A 0, A 1 and A 2 respectively. In the laboratory of the senior author of this communication, Gordon & Sang (1941) have explored some of those cha racteristics of the environment more or less propitious to exhibition of the gene. Begg & Sang (1944) have investigated others. It is now possible to produce at will, from inbred stocks exposed during larval life to different culture conditions, a higher or lower proportion of genetically identical individuals of the three types specified. Conclusions drawn from a comparison of their behaviour are therefore free from the objection th at behaviour differences are ascribable to genes other than the gene antennaless itself.
In the normal cultures generally employed for genetic work on Drosophila mutants, antennaless is subject to an emergence effect. That is to say, the pro portion of the three phenotypes, A 0, A x and A 2, varies during the life of a culture. I t is unnecessary to take elaborate precautions to ensure high or low exhibition if the end in view is merely to maintain an adequate supply of any one of them for 3 experimental studies of the type described below. The homozygous stocks used were from those which Gordon & Sang had so maintained for over 100 generations. For certain purposes we have also used stocks homozygous both for the gene antennaless and for the gene vestigial, inbred for at least fifty generations as such. All control stocks of other mutants were also highly inbred. The culture medium was a live yeast and agar-oatmeal-malt-extract gel.
Aristapedia, another m utant of D. melanogaster, is also important in connexion with the sensory function of the antennae. The outstanding characteristic of homo zygous aristapedia ( ssa ) stocks is replacement of the normal antenna by appendage. In spite of this gross structural anomaly, microscopic examination of the modified antenna of the m utant reveals the presence of peg-like organs and of other structures of supposedly receptive function present in the normal antenna but not in the normal leg. We have therefore examined the responses of aristapedia as well as of antennaless by the several procedures enumerated below.
M et h o d s
The main objective of the experiments we here record was the sensory function of the antennae with special reference to chemoreceptivity. At the same time, we have included in the scope of our inquiry experiments designed to elicit the extent to which receptors involved in the reactions to humidity and temperature may also be localized at the same site. A sufficient reason for undertaking such experi ments is th at no conclusion about the association of chemoreceptivity with particular micro-organs found in the antennae alone are necessarily legitimate, unless we have explored how far the sensory functions of the antennae are unique.
(a) Chemoreceptivity. To explore the extent of chemoreceptivity associated with the degree of exhibition of the gene antennaless, two methods proved to yield consistent and conclusive results. We shall refer to these as the trapping and two-way chamber methods. The trapping method is essentially similar to th at devised by Barrows (1907) . It is well known th at either yeast cultures or solutions containing acetic acid, ethyl alcohol, and various other organic compounds-in particular esters-exert an attraction for D. melanogaster. A mixture, here denoted M, containing bakers' yeast, ethyl alcohol, acetic acid and traces of other organic compounds, attracts the flies more strongly than any single constituent thereof. Its precise composition is as follows:
Chemoreceptivity of Drosophila melanog The trapping method involves release of large numbers of flies of various pheno types in an experimental chamber containing bottles with a capillary orifice (figure 1). For adequate controls, it is necessary to offer the flies a choice between equal numbers of bottles containing water (If) or the bait (M). W hat we here call the two-way chamber method is not essentially different in principle from the above, except in so far as it eliminates any gravitational gradient involved in the choice. I t consists of a flat circular container connected by capillary orifices to two hori zontal test-tubes (figure 2). The two test-tubes respectively contain water and an attractive solution of known strength. In this set-up the air is static. Thus cir culation of air, as in devices of the 'olfactometer' type, does not complicate inter pretation of results.
In one respect, the procedure involved in such experiments is fundamentally different from th at of the trapping method. Experiments by the trapping method involve simultaneous release of equal numbers of flies of two or more phenotypes. Tests with the two-way chamber method involve introduction of flies of one phenotype only in one and the same release chamber. For comparative purposes, an experiment of this sort therefore involves releasing flies of two or more pheno types into two or more two-way chambers of the same dimensions at the same time in the temperature-controlled dark room. Since the release chamber of the twoway method is relatively small, a relatively high proportion of flies enter both tubes in the absence of any attractive solutions therein. Thus, the criterion of indifference is an equal number of flies trapped in both tubes. The criterion of a positive reaction is a simultaneous excess in the experimental and deficiency in the control tubes respectively above or below the mean figure for flies trapped during the same period when neither trap contains bait. For the same reason, variability of numbers entering the tubes in successive tests is in general high, when neither trap is baited, and indeed provides almost as sensitive a measure of positive or negative response as does the mean itself (see table 5 ).
In experiments involving the trapping method, a relatively small proportion of flies get trapped when no bottles contain an attractive substance. This small pro portion caught in unbaited traps remains more or less the same when half the traps are baited, but much greater numbers then enter the baited traps. If we use the term migrants for flies which leave the release chamber for one or other of the traps, in both the trapping and two-way chamber methods, we may contrast the two methods as follows: v e ry few m a n y re la tiv e ly m a n y m a n y v e ry few v e ry few rela tiv e ly m a n y v e ry few For scoring the results of the two methods we therefore adopt different pro cedures. We tabulate those of experiments involving the trapping method by citing the percentage of released flies of each class trapped in the bottles respectively containing and not containing the bait. For experiments involving the two-way chamber method, we tabulate the olfactory index, 0t, defined as follows. If E is the number of flies trapped in the experimental tube, i.e. the tube containing the bait, and C is the number in the control tube, containing water,
The criterion of indifference is therefore th at 0i does not significantly differ from 50, though it may be somewhat more or less in any one trial. The criterion of a full response is that Oi does not significantly differ from 100 and th at variability is relatively low.
(b) Humidity. For all experiments here described, the apparatus was a choice chamber of the type designed by Gunn & Kennedy (1936) . Provided the sexes are kept apart, the flies do not appear to interfere with one another; so it is possible to use twenty or more animals in a single chamber. In a large number of experi ments, involving some 15,000 individual observations in all, normal female flies gave no significant response to humidity. On the other hand, males showed a consistent preference for the wet side of the chamber when the r .h . difference was greater than 50 %. Accordingly, a standard humidity chamber was used to offer the flies a choice between accumulating over distilled water or over sulphuric acid (density 1-84). The temperature was constant within 0-5° C of 24° C. Illumination was from above, and the chamber rotated slowly through 90° at regular intervals. A shadow passing over the chamber induced the flies to scatter. A quicker and more regular response of males occurred after previous desiccation over concen trated sulphuric acid for 3 hr. at 30° C. This procedure was therefore adopted. The index lOOJT-r-{W + D )records the response as the percentage of flies found on the wet side of the chamber.
(c) Tem perature. Preliminary experiments on normal flies were first carried out in several ways. The object was to find out roughly what sort of behaviour was normal to Drosophila. (i) Thermal gradient tube. This consists of a straight tube (F) surrounded by two water-jackets ( Ha nd C). Hot water at constant temperature flows through one direction and cold water, also at constant temperature, flows through C in the opposite direction. The temperature in F is read by dragging a thermometer through the tube. By appropriate adjustments of the openings Ox, 02, 03 and 0 4, it is possible to obtain a series of curves relating temperature to distance along the tube F (figure 4).
(ii) Two-way chamber. This is the apparatus shown in figure 5 , which is selfexplanatory.
Results obtained with apparatus described above are capable of more than one interpretation. Excess of flies at one or another temperature may be the result either of active choice, sensu stricto, or of variation with respect to activity or metabolism at different temperatures. We have therefore used, in addition to the foregoing, the T-tube apparatus shown in figures 6 a and b.
is a T-or Y-tube drawn out at the ends to a narrow neck. It fits into a test-tube inserted into a second test-tube (B). B fits tightly into a water-jacket (C). One arm of the T-tube is maintained at a higher temperature than the other by passing through the jackets hot or cold water from thermostatically controlled tanks. Flies are introduced to the apparatus at D. Once they enter the tube B they cannot get out again, and the numbers trapped on each side of the T are counted at the end of the experiment. The apparatus thus provides a true choice. The index 100(7 -4-+ H) will be used to express the number of animals on the cold side as a percentage of the total trapped. 
Olfactory r e s p o n s e s
The results of experiments involving the two types of apparatus used for the study of reaction to chemical stimuli converge to the same general conclusions. The two-way chamber proved to be the more flexible and sensitive, and it will suffice to give a few examples representative of many involving the trapping method. Experiments of both types have to be carried out in a dark room, preferably with temperature control. The temperature of the dark room for these experiments did not vary more than a degree in the neighbourhood of 25° C. Needless to say, it was necessary to switch on the light during the short period required for scoring results. In any experiments of this type account must be taken of the possibility th at the structural defect may involve a mechanical impediment to success in reaching the assigned goal. Accordingly, it was necessary to make observations on the three antennaless phenotypes when deprived of the power to reach their goal by flight.
Comparison was therefore made of the reactions of the three antennaless phenotypes from the double recessive antennaless-vestigial ( ) stock. The results of such an experiment appear in table 2. 
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Experiments recorded in the two preceding tables, together with others in which flight-defective mutants were used, provide strong evidence for the following conclusions:
(i) Homozygous flies of antennaless stock which do not exhibit the gene, i.e. possess two normal antennae (d 2), behave like normal flies with respect to chemical stimuli known to attract the latter.
(ii) Homozygous flies of antennaless stock with unilateral exhibition, i.e. flies with only one antenna {Af), show a positive response but a weaker one than flies with two antennae.
(iii) Homozygous flies of antennaless stock with complete exhibition, i.e. flies with no antennae ( A 0 ), fail to give a response. (iv) The weakened response of the A 1 phenotype and the failure of the A 0 phenotype to respond do not depend on any function which the antennae may conceivably have in relation to the mechanism of flight.
These conclusions do not exclude one possibility. The following question may still be asked. Do the antennae have any sensory function vis a vis the mechanical response of crawling into or through a narrow orifice? It is possible to investigate this by putting flies of the three phenotypes in a large tube with several capillary outlets and illuminated from above. Since the two-way chamber method supplies a conclusive answer to the question posed above, it will not be necessary to tabulate results of experiments of this type. I t suffices to state that flies of all three phenotypes find their way with equal facility through such capillary orifices when sub jected to photic stimulation evoking the appropriate movements. Table 3 shows the results of an experiment designed to test the response of aristapedia (ssa). The control flies were of two stocks, yellow-vermilion-for Iced (y-v-f) and filamentless (ft). The latter is a m utant discovered by F. W. Robertson and described in a forthcoming publication from this department. The character istic which recognizably distinguishes it from wild type is merely the absence of filaments attached to the egg case of the latter. Two conclusions emerge from this ta b le : (i) Aristapedia (ssa) responds positively to solutions of the type which attract wild-type flies, but apparently not so strongly as wild type. The reduced response (about 30 % below par) is statistically significant.
(ii) The structural modification of the antenna by this gene does not of itself entail abolition of the chemoreceptive function of the antenna.
From this we may draw the further conclusion that chemoreceptivity depends on microscopic elements present both in the normal antenna of the wild fly and in the leg-like appendage which replaces it in the m utant aristapedia, but absent in the normal leg.
(b) Two-way chamber method. Figure 7 exhibits in graphical form the results of an experiment involving the release of antennaless phenotypes A 0 and A 2 taken on the same day from the same cultures in separate chambers of the same dimensions each baited with a dilute solution (1/10) of Mi n the expe in the control one. I t is here necessary to state th at a two-way chamber does not evoke a positive response from normal flies if the concentration of the bait solution exceeds a certain limit. That is the reason for using a dilute solution of M. On the assumption th a t there exists a preferred concentration of the exuded vapours, there are several possible physical explanations for the fact th at a more con centrated solution acts as a more efficient bait when the traps are vertical and the release chamber is large. They have no apparent relevance in this context.
Response of flies with two antennae in the experiment exhibited in figure 7 is positive and striking. That of flies with no antennae is but slightly positive and not necessarily significant. The same conclusion emerges from the series of experiments summarized in table 4, which gives counts of flies trapped in both tubes at the end of a 6 hr. test with various concentrations of a modified attractive fluid MA, whose composition appears below. These experiments were done in pairs (I, II and III), each pair consisting of phenotypes A 2 and A 0 taken same culture bottles. Two (I and II) were on flies homozygous both for the genes antennaless and vestigial, one (III) on flies homozygous for antennaless but with normal wings. The flies with two antennae (A2) give a response which does not significantly depart from the criterion of a complete response; those with no antennae (Af) give a response which does not differ significantly from the criterio of indifference. In experiments cited, there is no variation towards the lower side of the limit of indifference, but in other experiments flies with no antennae did in fact yield values of 0t with corresponding deviations in the opposite direction. T a b l e 4. Olfactory e x p e r im e n t s on p h e n o t y p e s w it h tw o a n t e n n a e (A2) Data from another type of experiment based on the two-way chamber method likewise discouraged the suspicion that there might be a small residual margin of chemoreceptivity in A0 phenotypes localized in some part of the body ot the antennae. Such experiments are worth quoting to show the variation of the olfactory index for normal flies when the bait is subliminal. In experiments on the threshold concentration it is advisable to eliminate yeast as a constituent of the bait solution because it is difficult to assess either its composition or its concentra tion. Preliminary tests also showed th at the presence of butyric acid did not appreciably affect the results of experiments in the two-way chamber. Accordingly, M. Begg and L. Hogben tim e in ho u rs log c o n c e n tra tio n F igure 9. S tim u la tio n th re sh o ld for flies.
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AND NO ANTENNAE (^10). NON-MIGRANTS ARE ANIMALS
13 Chemoreceptivity of Drosophila melanogaster our threshold experiments are based on dilutions of a mixture (M J) of the following constituents in the concentrations specified:
acetic acid e th y l alcohol a c e ta ld e h y d e e th y l a c e ta te m e th y l a c e ta te distilled w ate r 0-01 % 0-16 % 0-00001 % 0-00001 % 0-00001 % to 100 % Table 5 and figures 8 and 9 summarize the data of a series of experiments in volving several successive determinations of the olfactory index for each concen tration of ilf4 in the baited tube. They illustrate both the variation of the mean index on either side of 50 at subliminal concentrations and, as might be expected, an increase of the coefficient of variation in the neighbourhood of the threshold. The fact that a fly may sometimes escape from the trap explains the occasional drop in the curves shown in fig. 8 . There is little need to emphasize the fact th at the conclusions which emerge from tests with the two-way chamber are entirely consonant with those which emerge from tests with the trapping method in so far as they refer to the effect of presence or absence of antennae in homozygous flies of the antennaless stock. It will suffice to cite the results of a series of tests on aristapedia ( ssa ) to show th at the results of the two methods again point to the sa conclusion. These results appear summarized in table 6. 4. H u m id it y r e s p o n s e s Table 7 gives the response of normal (Oregon) undesiccated males to a range of humidities. There appears to be a preference for an r .h . of about 90 %. I t will be seen th at a wet reaction is always obtained when the r .h . difference exceeds about 50 %. Table 8 shows results for desiccated males and for desiccated females in the standard humidity gradient. In no experiment did we observe a clear avoiding reaction at the boundary. Animals which are moving from one side to the other do so without hesitation. However, males tend to remain much more quiescent on the wet than on the dry side of the chamber. This is not true of females, which move freely throughout the chamber. Even males previously desiccated at 30° C, and extremely active when first introduced to the chamber, settle down rapidly. It thus seems th at the humidity reactions of the males are due rather to an inhibition of movement than to a taxis. Table 9 is a comparison between the response of (ssa) males, desic cated for 3 hr. at 30° C over concentrated sulphuric acid, and th at of Oregon males as shown in table 8. There is clearly a greater response of ssa as compared with Oregon. The reason for this will be discussed when we consider identification of the sensillae respon sible. Meantime, it suffices to state th at observations on aristajpedia tally with others on Oregon in so far as they show no clear-cut avoiding reaction. The flies become rapidly quiescent on the wet side of the chamber. Table 10 shows humidity responses of males of the three antennaless phenotypes desiccated also over sulphuric acid, and of both females and males of the same stocks, taken from saturated air. The results shown in this table indicate th at the absence of antennae does not abolish but modifies the humidity response. It leads to a reaction opposite to that characteristic of normal animals. That is to say, antennaless flies show a negative reaction to high relative humidities. This suggests th at two sets of antagonistic reactions are being dealt with. One set involves impulses from the antennae, resulting in a positive response to high relative humidities. Another set involves impulses from elsewhere, resulting in negative response to high relative humidities. Since desiccation slightly increases the dry response of A0 animals and also increases the wet reaction of A 2i ndividuals, it is possible th at one is dealing not w different types of receptors, but the same type of receptor and different types of innervation. The normal response can thus be regarded as inhibition of a basic dry reaction. This is of some interest in view of the fact th at most insects show a nega tive reaction to high relative humidities (Gunn et al.) .
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5. T e m p e r a t u r e Figure 10 shows preliminary experiments on the distribution of normal (Or) flies in temperature gradients from 22-5 to 34-5° C. Clearly there is accumulation at the lower end of the temperature scale, but this result is probably emphasized by a disposition to gather at the ends of a tube even in the absence of a temperature gradient. Nevertheless, the results are striking, and have been confirmed by an alternative technique. Table 11 shows results obtained by use of Or flies in the choice chamber. As before, there is a large excess of flies on the cooler side of the apparatus.
Experiments, such as those described above, roughly indicate the normal behaviour of Drosophila to temperature differences, but they are ambiguous for a reason already mentioned (p. 6). The T apparatus (described on p. 6) is not equally open to this objection and is therefore preferable. Table 12 shows a set of typical results for the various stocks concerned. Experiments summarized in table 12 show that normal (Or) flies do not react to high temperatures unless above 31° C. In the neighbourhood of 41° C the reaction is strong. Homozygous flies of antennaless stock with two antennae (A2) or no antennae (Af) both respond strongly to such a temperature. From this we may at least conclude that thermoreceptors are not confined to the antennae, although they may occur there. Homozygous flies of aristapedia stock show no reaction to this temperature. On the face of it this fact is puzzling. Its implications will be discussed in connexion with histological observations below. We may here note th at the occurrence of r .h . differences does not affect the conclusions stated. Antennaless (A0) animals normally show a dry reaction, and would therefore tend to accumulate on the wanner side of the gradient, if the reaction described were due to humidity. I t is true th at ssa and male Or flies have wet reactions, but females of Or stock show no humidity re actions. Moreover, ssa males do not in fact accumulate on the wetter (cold) side of the T apparatus.
Chemoreceptivity of Drosophila melanogaster 17 6 . R e l a t io n o f c h e m o r e c e p t iv it y to m a tin g b e h a v io u r in D r o so p h il a
Investigations are being carried out to determine the relations of various sense organs to the mating behaviour of D. melanogaster. Here one is concerned only with the part played by the chemoreceptors. Antennaless (A0) flies mate freely in the dark. It is therefore evident th at neither photoreceptivity nor chemorecep tivity plays an essential part in the mating of D. melanogaster under laboratory conditions. Experiments show th at long-distance olfactory stimuli originating in the female play no part in assisting the male to reach her. Long-distance olfactory stimuli emanating from the male likewise play no detectable part in the search by the female for the male. Table 13 shows the results of releasing flies of Oregon stock in a trapping cham ber, when the bait offered was an individual of opposite sex. The experimental traps contained either 100 males or 100 females each, and a small muslin-covered tube of water. Controls contained water only. These experiments fail to confirm the supposition th at males are attracted to females or females to males by olfactory stimuli. Similar results were obtained with the use of the two-way chamber method. From these and other similar experiments, it may be concluded th at the only function of the chemoreceptors vis a vis mating b under field conditions is to attract both males and females to one and the same food patch. In so far as they do play a part in mating, the role of the chemoreceptors Vol. 133. B. is to ensure the concentration of individuals of both sexes in sufficient propinquity to provide opportunities of sexual congress evoked by stimuli other than volatile by-products of metabolism.
M. Begg and L. Hogben te m p e ra tu re p u ta tiv e sense response response response organs of a n te n n a e Or + + + + + p it w ith th in -w alled pegs; th in -w alled cones a n d pegs; tric h o id sensillae ssa + + + 0 th in -w alled cones a n d p egs; tric h o id sensillae A q 0 -+ + -F igure 11. S ections th ro u g h th e long axis of th e d istal j o in t o f th e a n te n n a of O regon flies, show ing p its a n d surface sensillae. M agnification x 230. Figure 11 shows sections through the long axis of the distal joint of the antenna of an Oregon fly. Three main types of putative sense organs occur therein:
(i) Thin-walled sensillae sunk in a pit near the base of the funiculus.
(ii) Fine thin-walled surface and pegs and cones distributed over the surface of the antenna.
(iii) Thick-walled trichoid sensillae, commonly assumed to be receptive to tactile stimuli.
The p i t organs (i) are absent in aristapedia ( but the other types of sensillae are present. In aristapedia, however, the thin-walled cones are thinner than those of normal (Oregon) flies. Since aristapedia responds to both sorts of stimulation in their absence, it is clear th at the pit organs are essential neither to chemoreceptivity nor to hygroreceptivity. It is therefore possible th at the thin-walled cones and pegs fulfil both functions; but there may well be differentiation of function between cones and pegs, as also between individual sensillae of either or both types. If both types perform both functions, one would expect intensified reaction to humidity to accompany greater sensitivity to chemical stimuli. This is not so.
Aristapedia gives a greater humidity, but a somewhat diminished olfac tory, response. The issue is complicated by the fact th at aristapedia has no pit organs. Fliigge (1934) suggested th at the latter are long-distance chemoreceptors. Hence diminution of response in their absence would be expected. This is, in fact, what is found. Thus a hypothesis which accords best with our data is as follows:
(1) The pit organs on the funiculus are long-distance chemoreceptors, more sensitive than the surface pegs and cones, but not essential to chemoreceptivity.
(2) The surface pegs or the cones, or both, are chemoreceptors.
(3) The surface cones are hygroreceptors, their finer structure in aristapedia accounting for the increased humidity response of this m utant.
We have not found any histological differences to account for lack of tem perature response in aristapedia or for its presence in antennaless (H0). 111 this connexion, all we can say is th at the antennae are not essential to the recognition of temperature differences. Sensillae occur all over the body. For all we know to the contrary, any or all of them may be temperature receptors. Some of them doubtless function as humidity receptors, initiating a reaction opposite to th at governed by the antennal hygroreceptors. Our own experiments do not entitle us to distinguish one from the other. But the failure of ssa to respond indicates th at this gene has multiple effects.
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